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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the HOROGUFIKKU record medium used 

[ especially ] for volume holographic memory etc. about the photorefractive ingredient or constituent 

which has a photorefractive effect. 

[0002] 

[Description of the Prior Art] Conventionally, the holographic memory system is known as a digital 
recording system adapting the principle of holography. A holographic memory system records digital 
data on the memory medium of ferroelectric crystals, such as lithium niobate (LiNb03) and lithium 
tantalate (LiTa03), and is reproduced to it. A photorefractive effect is the phenomenon of forming space 
electric-field distribution, and it being connected with the primary electro-optical effect, i.e., the Pockels 
effect, and changing the refractive index of the crystal concerned corresponding to this space electric- 
field distribution, when the charge produced by optical pumping by the exposure of light moves in the 
inside of a crystal, development although refractive-index charffe usually answers also to the fine optical 
input configuration of 1000 lines or more per mm and the effectiveness is based also on an ingredient in 
the ferroelectric crystal which has a photorefractive effect, since it is generated on real time in the speed 
of response of microsecond - second order - various application is studied as an unnecessary real-time 
hologram medium. 

[0003] In a holographic memory system, in a two-dimensional flat-surface page unit, data can be 
recorded, and it can reproduce, and multiplex record is possible using two or more pages. Volume 
holographic memory enables this memory medium crystal for three-dimensional record as three- 
dimension configurations, such as a rectangular parallelepipedf^here is a method of monochrome 
hologram 1 -color and 2 color hologram 2-color shown in drawing 1 as a record gestalt. A monochrome 
hologram method is a method which performs record playback by interference of the coherent light of 
one wavelength lambda 1 which has information, and LiNb03 crystal which added iron (Fe) is used for 
a medium. In the bright part of the interference fringe under crystal, light is absorbed, and it is excited 
by an electron or the conduction band CB from the level (optical absorption core) A of Fe2+, is spread 
into a dark part, and is captured by the level (deep-trap level, i.e., a storage center) C of Fe3+ after all. 
Thus, the spatial refractive-index distribution corresponding to an interference fringe is made by the 
crystal according to the electro-optical effect caused by the spatal distribution of the generated electron 
density, and informational are recording is attained. 

[0004] The trouble of a monochrome hologram is a point of having sensibility to the light of one 
wavelength used when media are record and playback. Since the information recorded in the 
monochrome hologram was in the condition that the electron is captured by the trap level (storage center 
C) made by Fe, whenever it reproduced, the electron was gradually excited by the conduction band (CB) 
from the trap level, and the memorized information had the so-called playback degradation erased. Thus, 
in case a signal is read from the hologram conventionally recorded in holographic memory, playback 
light will erase a hologram gradually. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 



12/6/06 



JP,200 1-004801, A [DETAILED DESCRIPTION] 



Page 2 of 6 



[0005] On the other hand, playback degradation can be controlled by 2 color hologram method. As 
shown in drawing 1 , the description of 2 color hologram method is that it records a hologram by 
irradiating simultaneously another light which is called gate light (wavelength lambda 2) at the time of 
record in addition to the reference beam of record light and signal light (wavelength lambda 1) which 
form a hologram. An operation of this gate light makes a crystal generate record sensibility in the 
wavelength (lambda 1) of record light, only while gate light is irradiated. Such a property is because a 
carrier is temporarily formed in the comparatively shallow energy level called temporarily [ the time 
amount and the part which were irradiated ] the medium excitation level B in a crystal by the exposure 
of gate light. The carrier of this medium excitation level B is excited by the conduction band (CB) by 
record light (pattern of the spatial light and darkness corresponding to the interference fringe formed of a 
reference beam and signal light), it is eventually accumulated in the deep-trap level C in the form of 
shade distribution of the carrier corresponding to said interference fringe, and record is completed. 
[0006] 2 color hologram record in LiNb03 will be von in 1974. Although announced by derLinde and 
others () [ D.von der Linde, ] [ A.M.] Glass and KF.Rodgers : "Multiphoton photorefractive Since 
processes for optical storage inLiNb03" and the life [ in / in th^ingredient Appl.Phys.Lett., Vol.25, and 
at the time of pp. 155-1 57(1974). / medium excitation level ] of a carrier are short It was recordable with 
the big pulse laser of (nanosecond order) and peak power. LiNb03 (it Macfarlene(s) (IBM) H.Guenther, 
G.Wittmann, and and R.M. — ) which added Pr (praseodymium) in recent years R.R.Neurgaonkar 
(Rockwell): "Intensity dependence and white-lightgating of two-color photorefractive gratings in 
LiNb03", Opt.Lett.Vol.22, and pp. 1305-1 307 (1997), Having no addition component or Fe Crystal 
which performed reduction processing to LiNb03 (abbreviated name SLN) of the presentation near the 
added stoichiometric ratio () [ H.Guenther, R.M.Macfarlane, Y.Furukawa, ] [ KKitamura;"Two- 
colorholography ] By in reducednear-stoichiometric lithium ni^ate", Appl.Opt. Vol.37, and pp.761 1- 
7623 (1998) The life of the carrier in this medium excitation level (metastable level) can increase several 
seconds from a microsecond, and record has become possible using the laser with comparatively small 
power of continuous oscillation. 

[0007] The mechanism (bipolaron polaron mechanism) of the carrier excitation which participated in 2 
color hologram in LiNb03 single crystal which performed reduction processing is as follows. Bipolaron 
will be formed if LiNb03 single crystal is heat-treated in suitable reducing atmosphere. Bipolaron is in 
the condition that one electron is respectively bound at a time to adjoining NbLi (Nb of Li site) and 
adjoining NbNb (Nb of Nb site), and these form the pair. Bipojgfon forms the broad absorption band 
which has a core near 2.5eV. If an electron is excited from a bipolaron absorption band by irradiating 
gate light with the wavelength between 400nm and 500nm, bipolaron will carry out optical deviation 
and a small polaron condition will appear. Small polaron is in the condition that the electron was bound 
to NbLi (Nb of Li site), and this corresponds to the condition that an electron exists in medium 
excitation level. 
[0008] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in 2 color 
HOROGUFIKKU record medium using the mechanism of thisJ>ipolaron. 

(1) Where reduction processing is heat-treated in the need, i.e., the condition of AZUGURON (as- 
grown) and air, since sensibility is low, as a record ingredient, it can hardly be used. 
[0009] (2) If reduction processing is carried out too much, the dark conductivity of a crystal will 
increase, and storage time amount becomes short, and produce a problem practical. 

(3) Since a property changes substantially by the size of reduction processing, control is difficult. 

(4) the ingredient which added Fe etc. - reduction processing - almost all Fe(s)3+ -- Fe2+ - it is 
returned. While the consistency of Fe3+ required as a trap decreased by this, excessive absorption 
became strong by Fe2+, and it had become a problem practicaL^Moreover, development of the 
ingredient which does not have the need for these reduction as practical use level was called for. 
[0010] Then, even if this invention is made that these problems should be solved and the object does not 
have reduction processing, it is in offering the photorefractive ingredient with which high 
photosensitivity is obtained. 
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[0011] 

[Means for Solving the Problem] The photorefractive ingredient of this invention is characterized by 
consisting of the niobate or tantalate single crystal containing a terbium (Tb). In the above-mentioned 
photorefractive ingredient, said single crystal is characterized being the lithium-niobate (LiNb03) 
single crystal which has the mole fraction of [Li20]/([Li20] + [Nb 205]) in the range of 0.482 to 0.505. 

[0012] In the above-mentioned photorefractive ingredient, said single crystal is characterized by being 

the lithium tantalate (LiTa03) single crystal which has the mole fraction of [Li20]/([Li20] + [Ta 203]) 

in the range of 0.482 to 0.505. In the above-mentioned photorefractive ingredient, the addition of Tb is 

characterized by being the 1000 weight ppm from the 10 weight ppm. 

[0013] In the above-mentioned photorefractive ingredient, it is characterized by including 

simultaneously Fe, Mn, Cr, or nickel in addition to Tb. In the ^jpve-mentioned photorefractive 

ingredient, it is characterized by the addition of Fe, Mn, Cr, or nickel being the range of the 1 weight 

ppm to the 500 weight ppm. Moreover, it is characterized by 2 color HOROGUFIKKU record medium 

of this invention forming the above-mentioned photorefractive ingredient in a predetermined 

configuration. 

[0014] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained, referring to a 
drawing. 

(Example 1) The duplex crucible method single crystal raising^gguipment of the stoichiometric 
presentation LiNb03 single-crystal continuation feeding mold which carried out 100 weight ppm 
addition of the Tb is used. To the melt presentation of [Li20]/([Ta 205] + [Li20]) =0.56-0.60 The mole 
fraction of [Li20]/([Ta 205] + [Li20]) which was furthermore excellent in optical homogeneity from 
100 weight ppm ****** melt in Tb raised the single crystal (SLN) of a stoichiometric presentation of 
0.495-0.50. The addition of Tb is preferably chosen from the range of the 10 weight ppm to the 1000 
weight ppm. 

[0015] When light with a wavelength of 313nm was irradiated at the raised AZUGURON crystal, as 
shown in drawing 2 , the remarkable photochromism from an ^sorption coefficient property to the 
absorption coefficient property of E of D of an AZUGURON crystal was shown, and the depth of the 
energy level was calculated as about 1.9eV from the conduction band. Thereby, the existence of the 
absorption center A and the deep-trap level C shown in drawing 1 of a crystal has been checked. 
[0016] Moreover, the temperature dependence of time amount change of the induction absorption 
coefficient to ultraviolet radiation (wavelength of 313nm) was measured using light with a monitor 
wavelength of 532nm in 25 degrees C, 40 degrees C, 70 degrees C, 85 degrees C, 170 degrees C, 190 
degrees C, and 210 degrees C. The result is shown in drawing 3 and drawing 4 . It can check that 
metastable medium level exists on shallow level from a conduction band (CB) from the temperature 
change of photochromism in LiNb03 single crystal of Tb addition so that clearly from this data. Thus, 
the existence of the shallow-trap level B and the deep-trap level C shown in drawing 1 became clear 
from the relation between the absorption which appears by optical exposure, and temperature. 
[0017] Time amount change of the induction absorption (wavelength of 852nm) to ultraviolet radiation 
(wavelength of 313nm) was measured. The result is shown in drawing 5 . The ultraviolet-rays excitation 
absorption in hologram record wavelength exists, and it can check that the absorption coefficient of 
LiNb03 single crystal of Tb addition is improving compared with the crystal which does not contain an 
impurity. Aging of writing and diffraction efficiency was further measured for the hologram to LiNb03 
single crystal of obtained Tb addition using the 850nm coherenflight (54 mW/cm2+52 mW/cm2) of 
long wave length, having used such level and irradiating a phil cmHg-Xe lamp light (130m W) with a 
wavelength of 313nm as a gate light next. The result is shown in drawing 7 . 
[0018] Moreover, the outline of the optical system used for measurement, i.e., a volume holographic 
memory system, is explained with reference to drawing 6 . In drawing 6 , an encoder 25 changes the 
digital data which should be recorded on the volume holographic memory 1 of LiNb03 single crystal of 
obtained Tb addition as a dot pattern image of light and darkness on a flat surface, for example, 
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rearranges it into a 480 bits long and 640 bits wide data array, and generates unit page sequence data. 
This data is sent out to the space phototransducers (SLM:SpatialLight Modulator) 12, such as a panel of 
the TFT-liquid-crystal display (henceforth LCD) of a transparency mold. 

[0019] The space phototransducer 12 have a modulation batch 480 pixels long and 640 pixels wide 
[ corresponding to a unit page ], carry out light modulation of the coherent signal beam with a 
wavelength of 850nm irradiated to the on-off signal of a spatial light according to the unit page sequence 
data from an encoder 25, and lead to a lens 13, modulated the signal beam, i.e., the signal light, electric - 
optical conversion according to each content of a bit in unit page data be attain, and the signal beam a 
beam be modulated as signal light of a unit page sequence be generate by a space phototransducer 12 
answer in detail the logical value "1" of the unit page sequenceclata which be an electrical signal, and 
pass a signal beam, answer a logical value "0", and intercept a signal beam. 

[0020] Incidence of the signal light is carried out to the volume holographic memory 1 through a lens 
13. It has beta in the volume holographic memory 1 whenever [ angle-of-incidence ] from the 
predetermined datum line which intersects perpendicularly with the optical axis of the beam of signal 
light other than signal light, and incidence of the reference beam with a coherent wavelength of 850nm 
is carried out to a signal beam. Record of data is performed by interfering in signal light and a reference 
beam within the volume holographic memory 1, and record sensibility's arising in the volume 
holographic memory 1, and memorizing this interference fringe*as a refractive index grating at the same 
time it carries out incidence of the gate light with a wavelength of 3 1 3nm to the volume holographic 
memory 1 simultaneously here. Moreover, three-dimension data logging becomes possible by changing 
an angle of incidence beta, carrying out incidence of the reference beam, and carrying out include-angle 
multiplex record of two or more two-dimensional flat-surface data. 

[0021] In reproducing the recorded data from the volume holographic memory 1, it carries out incidence 
only of the reference beam to the volume holographic memory 1 by the same incident angle beta as the 
time of record towards the core of a field that a signal light beam and a reference beam beam cross. That 
is, unlike the time of record, incidence of the signal light is nonfarried out. Thereby, the diffracted light 
from the interference fringe currently recorded in the volume holographic memory 1 is led to CCD 
(Charge Coupled Device)22 of a photodetector through a lens 2 1 . CCD22 changes the light and 
darkness of incident light into the strength of an electrical signal, and outputs the analog electrical signal 
which has the level according to the brightness of incident light to a decoder 26. A decoder 26 
reproduces the data of "1" and "0" which correspond this analog signal as compared with predetermined 
amplitude value (slice level). 

[0022] In volume holographic memory, since it records by the two-dimensional flat-surface data 
sequence as mentioned above, include-angle multiplex record Km be performed by changing the 
incident angle beta of a reference beam. That is, by changing the incident angle beta of a reference 
beam, two or more two-dimensional flat surfaces which are record units can be specified in volume 
holographic memory, consequently it becomes recordable at a three dimension. 
[0023] About several% of diffraction efficiency is acquired in 5 seconds, and LiNb03 single crystal of 
Tb addition which is not returned is also equivalent to the sensibility which is equal to the hologram by 
which this writes iron in conventional LiNb03 in one color using the added ingredient so that clearly 
from drawing 7 . Furthermore, also in playback, diffraction efficiency was maintained over the long 
time. Moreover, compared with the ingredient which had been^tremely proved by 69 years and Fe 
simultaneous adding by two months and Tb200 weight ppm addition at TblOO weight ppm addition for 
a long time [ of chart lasting time ] also that it is 300 years as it was shown in drawing 8 , when the 
storage time amount in a room temperature was calculated from the time constant of the thermal 
excitation from the trap C of the deep level shown in drawing 1 , and added iron to conventional 
LiNb03 as a storage ingredient, it excels far. 

[0024] Furthermore, the absorption coefficient and the relation of the damping time of 830nm ultraviolet 
radiation excitation absorption are measured about the approach and Tb addition LiNb03 crystal of 
invention by the conventional bipolaron mechanism, and the result is shown in drawing 9 . It turns out 
that there are not oxidation and a large property change by reduction even if it compares with LiNb03 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/6/06 



JP,2001 -004801, A [DETAILED DESCRIPTION] 



Page 5 of 6 



crystal which does not contain the conventional additive so that clearly from drawing, and it has the 
moderate damping time and a high absorption coefficient. 

(Example 2) By the same approach as the stoichiometric presentation LiNb03 single-crystal above- 
mentioned example 1 which carried out simultaneous adding, Tb and Fe (1) LiNb03 single crystal of 
TblOO weight ppm addition, LiNb03 single crystal of (2) Tb200 weight ppm addition, (3) It adds to 
Tb200 weight ppm addition. LiNb03 single crystal of FelOO weight ppm addition, (4) In addition to 
Tb200 weight ppm addition, LiNb03 single crystal of Fe5 weifFit ppm addition was grown up, 
respectively, and the storage time amount in a room temperature was calculated from the time constant 
of the thermal excitation from the trap C of the deep level shown in drawing 1 , respectively. The result 
is shown in a table 1. 
[0025] 



LtNb03 

Tb^»na+Fe^*DS 


f-fWPiri r 1 


-r-f^vrBtM r 2 


Tb100ppm 


~4fj> 


~2*rE 


Tb200ppm 


~4fj> 




Tb200ppm+Fe1 OOppm 


<1msSMfi> 


>300^ 


Tb200ppm+Fe5ppm 


~100ms5M# 





As shown in a table 1, it turns out that the life of the carrier of a medium excitation state can be 
controlled by addition of Tb, and the life of a storage center canrt»e controlled by simultaneous adding of 
Fe. 

[0026] (1) Don't need reduction processing like the conventional bipolaron in 2 color hologram record 
by this invention. It seems that therefore, it returns too much, dark conductivity rises, and storage time 
amount (shelf life of data) is not shortened. 
(2) The life (tau 1 ) of a medium excitation state is controllable. 

Although the above-mentioned example explained lithium niobate (LiNb03), it replaced with LiNb03 
and the result with same Tb addition was obtained also in the lithium tantalate (LiTa03) single crystal. 
In addition, also as for the presentation of a lithium tantalate (IsiaaCO) single crystal, it is desirable that 
the mole fractions of [Li20]/([Li20] + [Ta 203]) are 0.490-0.505. 
[0027] 

[Effect of the Invention] Thus, since it is the photorefractive ingredient which consists of the niobate or 
tantalate single crystal which added the terbium (Tb) according to this invention, the oxide ferroelectric 
single crystal as a record ingredient for holographic memory which has following effectiveness (1) - (4), 
the lithium niobate single crystal which fitted 2 color hologram record at accuracy, or a lithium tantalate 
single crystal is obtained more. 

[0028] (1) The optical absorption core of A shown in drawing <W equired for 2 color hologram record, 
the medium excitation level (shallow-trap level) of B, and the storage center (deep-trap level) of C are 
formed efficiently. 

(2) It is usable as an AZUGURON crystal. That is, it is usable even when he has reduction processing 
and no oxidation treatment. 

[0029] (3) There is no change of a large property at reduction processing and oxidation treatment. 
(4) The absorption coefficient based on [ A ] optical absorption can be controlled by the addition of Tb, 
and the time constant of the heat dissipation from the trap of the medium excitation level B can be 
controlled by simultaneous adding of Fe, Mn, Cr, or nickel. That is, according to the amount which adds 
Fe (or Mn, Cr, or nickel), it becomes possible to change the life of the carrier in medium excitation 
level. 

[0030] According to the description of these this inventions, a photorefractive ingredient and a property 
improvement especially extensive as a 2 color HOROGUFIKKU record medium can be performed. 
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I . . . 

Moreover, according to the photorefractive ingredient of this invention, the application to optical 
functional devices, such as a phase conjugation mirror, beam fine NINGU, coherent light amplifier by 
the photomixing, and a filter, is also possible. 

[Translation done.] 
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